A B S T R A C T The influence of several factors on the course of herpes zoster was studied in 151 patients. Dissemination of zoster was associated with the presence of a concurrent disease, especially Hodgkin's disease, and/or the use of immunosuppressive therapy. Several host-immune parameters, including quantitative immunoglobulins, circulating lymphocyte counts, delayed hypersensitivity to multiple skin test antigens, and lymphocyte transformation to phytohernagglutinin did not correlate with dissemination of disease. Development of virus-specific complement-fixing antibody (CFA) was delayed in some patients with disseminated disease.
INTRODUCTION
It is accepted, from epidemiological studies, that herpes zoster is due to the reactivation of latent varicella-zoster (VZ) virus infection, usually acquired years before in This work was presented in part at the plenary session of The American Society for Clinical Investigation in Atlantic City, N. J., 3 May 1971.
Received for publication 18 June 1971 and in revised form 29 November 1971. childhood and manifested at that time as chicken pox (1) (2) (3) (4) . Herpes zoster xnost commonly appears as a localized infection confined unilaterally to a single or adjacent dermatomes served by the nerve distribution of a spinal cord segment or cranial nerve branch. However, sometimes the infection will spread from its localized area and pox appear in distant areas of the skin; visceral involvement may also occur. The reported incidence of dissemination has varied from 2 to 90% (5) . Obvious factors influencing this variance include the method of patient followup; i.e., personal experience as opposed to retrospective chart reviews, etc. It has also been suggested that certain underlying diseases and various therapeutic modalities predispose to this complication (5) (6) (7) (8) .
We have studied and report here, in a current series of patients, the influence on dissemination of associated disease and treatment, as well as several host-immune factors, including humoral immunity, cellular immunity, and interferon production. (9) . Serologic studies, demonstration of specific immunofluorescence with monkey anti-VZ serum on vesicle scrapings (10) , and/or VZ virus isolation from clinical specimens was obtained in nearly all cases, and in every case in which the clinical presentation was not classical. By these methods several cases of herpes simplex infection in a band-like (pseudozoster) distribution (11) were diagnosed and excluded from this series.
METHODS
Patients were considered as having disseminated disease if five or more vesicles appeared distant from the primary dermatone or if visceral organ involvement was demon-strated. Thus three patients with less than five distant vesicles were considered to have "trivial dissemination" and grouped with the patients with localized disease, as was a fourth patient with vesicles appearing anteriorly and posteriorly on both legs but none above the waist (possible autoinoculation). Two patients seen late in their course who had central nervous system involvement attributable to herpes zoster infection, but in whom distant vesicles were not documented, were considered as disseminated. In patients with disseminated disease, each new crop of peripheral vesicles was counted and circled in a different color each day. Generous margins were used to delineate the primary dermatome in counting pox to allow for the variable distribution of somatic nerves.
Laboratory procedures. Quantitative immunoglobulins were determined during the acute illness by radial immunodiffusion (12 (12) . Anti-VZ CFA titrations were performed by the method of Brunell and Casey (13) . Vesicle fluid interferon (V-IF) titrations, and studies to determine if the interfering activity had the physicochemical properties of interferon, were performed as described previously (14) . All V-IF determinations were performed on pooled vesicle fluid from the primary dermatome area.
Lymphocyte stimulation by phytohemagglutinin (PHA) was performed as follows. 30 ml of blood was drawn into a syringe containing 1.5 ml phenol-free heparin. Gravity sedimentation of the cells was allowed for 2 hr, and the leukocyte-rich supernatant aspirated and counted. This supernatant was then centrifuged at 1000 rpm for 10 min, and a quantity of plasma removed. The cell pellet was then resuspended in the remaining plasma and Eagle's minimal essential medium (MEM) at a cell density of 2 X 106 cells/ ml and in a concentration of 10% autologous plasma. Siliconized loosely capped glass tubes were seeded with 2 cc of cell suspension. To three or more tubes, 68 jig of PHA-P (Difco Laboratories, Inc., Detroit, Mich.) was added in 0.1 ml MEM and three or more tubes served as a control (0.1 ml additional MEM added). On a few occasions when the volume of blood obtained was less than 30 ml (child, or adult with difficult venesection) only two PHA and control culture tubes could be initiated. After 6 days at 370C in a 5% CO2 environment, 2 ,uCi of tritiated thymidine in 0.1 ml was added to each tube. After 18 hr the cells were harvested on filter paper, the papers were ovendried and inserted in vials with toluene-base scintillation counting fluid and counted for 4-10 min in a liquid scintillation counter. Results were scored as the ratio of counts/ minute in PHA-treated to control cultures, and analyzed using a 5-fold or greater increment of PHA to control cultures as an acceptable response. Although preliminary experiments showed that the increase in counts in stimulated cultures was slight after 4 days, the longer incubation time was used because of concurrent experiments with other antigens (not reported here) which required the longer periods.
Adults with less than 1000 circulating lymphocytes on each determination during the acute illness were considered lymphopenic, and comparable values for childhood age groups were determined from standard sources (15 Although dissemination was more common in patients with a malignancy (even if Hodgkin's disease was excluded), this association appears more closely related to the effect of therapy rather than diagnosis (Table  IIB) . Within the Miscellaneous category, the dissemination rate was similar in patients with or without malignancy when only patients receiving immunosuppressive therapy were compared. ever, the incidence of dissemination may accurately reflect that in a group of patients treated extensively (17) (radiotherapy with curative intent, splenectomy at time of staging laparotomy, and/or quadruple chemotherapy in many patients). This is because most of these patients were referred to us with the disease still localized, and the possibility of dissemination was evaluated by frequent careful examinations.
The correlation between dissemination and the different modalities of therapy is presented in Table III . In the Miscellaneous category there appears an increased association of dissemination with cytotoxic drugs rather than with steroids, apparently unrelated to diagnosis. Although all the patients receiving steroids alone did not have a malignancy and dissemination of disease was rare, two of the five patients receiving only cytotoxic drugs in whom dissemination occurred did not have a malignancy.
In patients with Hodgkin's disease and zoster, there was a preponderance of zoster cases in advanced lymphoma (Table IIC) . This distribution of Hodgkin'szoster cases by stage contrasts sharply with the incidence of these stages in the total Hodgkin's disease population (17) as Stanford. However, dissemination was frequent regardless of the stage of disease.
Immune factors and dissemination. Quantitative immunoglobulins, circulating lymphocyte counts, delayed hypersensitivity to six skin test antigens, and lymphocyte stimulation by PHA were compared for localized and disseminated zoster in the three patient categories (Table IV) . There was no significant (P < 0.05) association of any of the first three parameters with disseminated disease, with the exception of a high incidence of hypogammaglobulinemia in disseminated patients in the Miscellaneous category. This could not be associated with any particular disease, as all four disseminated patients in this category had different diagnoses. There was also no association with a particular immunoglobulin class; of the eight disseminated hypogammaglobulinemic patients, decreased levels of IgG, IgA, and IgM were present in five, four, and seven patients respectively.
No relationship between dissemination of zoster and diminished lymphocyte transformation by PHA was found. However, in some groups we had but few patients.
Patients (both with localized and disseminated zoster) in the Hodgkin's and Miscellaneous categories had, in general, lower transformation than normal individuals. This depression has been noted in earlier studies in Hodgkin's disease, and in other patients receiving antitumor therapy, in the absence of zoster (18) (19) (20) (21) (22) . To rule out the effect of the acute concurrent viral disease on lymphocyte transformation, 9 patients were assayed a second time months after the acute zoster. This group included patients from all three patient categories, with localized and disseminated disease and with high and low initial values. There were no significant changes in transformation on retesting these patients.
CFA studies. Fig. 1 shows the CFA results in the first 40 days after onset in patients with localized and disseminated disease. It is apparent from this figure that there are proportionately more negative determinations in the first 10 days after onset in patients with dissemination, and several negative determinations after 10 days. If the first 15 days after onset are subdivided and studied further ( Table V) we note that for each 5 day interval more patients with localized disease have antibody. For this analysis, patients who were seronegative on their initial determination were considered to be also negative at any 5-day intervals which preceded that determination. Likewise, after presence of antibody was demonstrated in a serum specimen, that patient was counted as seropositive in any succeeding 5-day intervals (even though no further determinations may have been performed on that patient). The validity of these assumptions was confirmed by serial follow-up of many individual patients. In all, once CFA was present, it could always be demonstrated in serum specimens collected for at least 100 days thereafter. The relationship of CFA titer to time in individual patients presented previously (23) confirmed in our patients. The four negative determinations after 15 days after onset were contributed by 2 hypogamxnaglobulinemic patients. These patients were considered to have failed to produce CFA and excluded from the above analysis.
This difference in antibody kinetics between localized and disseminated zoster appears not merely due to the presence of more patients with associated diseases in the disseminated group. Patients with localized zoster with and without an associated disease had the same kinetics of antibody response in this 15 day interval. Also, in the Miscellaneous category, where there were sufficient numbers of both kinds of patients (localized and disseminated) for comparison, these differences in time of antibody appearance were indeed statistically significant (P < 0.05).
Although the timing of CFA appearance in patients with localized and disseminated disease appears different, the mean peak CFA titer eventually reached by both groups was the same (Fig. 1) .
Although 11 patients with disseminated zoster were seronegative at the time dissemination began, 2 patients (as well as an additional 2 patients studied since April 1971) began to form antibody before dissemination occurred. This group included a patient with a CFA titer of 1:128 4 days before dissemination began. Thus presence of CFA alone is not reliable in predicting whether dissemination will occur.
Vesicle fluid interferon. The kinetics of vesicle fluid interferon appearance was studied with serial specimens. We found both patients with localized and disseminated disease began with low levels (< 1000 units/4 ml, and commonly < 100 units/4 ml) which then later rose, usually abruptly over a 1-2 day period, to a peak value. V-IF then declined as pustulation and then crusting occurred. Summarized data on the time course of V-IF in localized and disseminated disease are presented in Fig. 2 . At 5 days V-IF levels in patients with localized disease have begun to rise and by 9 days all have done so. Patients with disseminated disease as a group lag behind patients with localized disease in development of V-IF levels, whether 1000 units (U) or 2000 U is compared, at the time intervals shown. The differences between these two groups of patients at either of these V-IF levels at 5, 7, and 9 days are significant (P < 0.05).
Sufficient serial samples were available from 26 patients to determine on which day the sharpest rise in V-IF began, and this information demonstrated also the earlier rise of V-IF in patients with localized disease. All of 11 patients with localized disease had begun their sharpest increase within 8 days (mean 5.4, range 1-8 days) after onset, whereas only 7 of 14 patients with disseminated disease had done so (mean 9.6 days, range 4-32 days) (P < 0.05). There thus appear to be two types of patients with disseminated disease with regard to V-IF. In one group V-IF rises about 6 days (±2 days) after onset (as do most patients with localized disease). In a second group of patients with disseminated disease V-IF sharply rises at 11+2 days after onset. The duration of dissemination was longer in this second group (mean 8.1 days versus mean 4.5 days for the first group). The group of patients with disseminated disease and a late V-IF rise also began their dissemination at a later time (mean 7.1 days after onset, range 2-12 days) than the group of patients with disseminated zoster and an early V-IF rise (mean 4.3 days after onset, range 3-6 days). If this were not the case, the differences in duration of dissemination might have been even greater.
The absolute increase in V-IF (i.e. from the lowest to the peak determination) was similar in patients with localized and disseminated disease. This increase in V-IF in patients with localized zoster ranged from 760-22,700
DOas after onet Differences between localized and disseminated zoster at both levels at 5, 7, and 9 days are significant at P < 0.05. U (mean 7519 U), and in patients with disseminated zoster, 1090-34,900 U (mean 11,059 U).
The observed differences between localized and disseminated patients in timing of V-IF appearance appeared independent of any of our three patient categories. First, the localized and disseminated groups studied were similar in composition with regard to patient category. For example, only.3 of the 11 patients with localized disease discussed, in whom days from onset to sharpest rise could be calculated, had no underlying disease. This is largely because the patients with no underlying disease had smaller vesicles which evolved rapidly, thus making serial sampling difficult (see also footnote 3 in Discussion). Also, within the localized and disseminated groups, there was no correlation between presence or absence of associated disease and day of onset of rise.
The cessation of dissemination closely correlated with the development of peak V-IF levels. In all of 15 patients with adequate serial specimens and close followup with circling and counting of lesions, dissemination ceased within 48 hr after peak V-IF titers were reached, regardless of the number of days after onset or the number of days of dissemination which had elapsed. This information is summarized in Table VI -, did not occur, or occurred after cessation of dissemination.
patients, because of the severity of their zoster, were receiving intravenous cytosine arabinoside concurrently in the 48 hr preceding cessation of dissemination. We did not know the V-IF levels at the time this therapy was instituted. In several patients CFA did not appear until after dissemination had ceased. In two patients, with hypogammaglobulinemia, CFA was never detected -yet dissemination in these patients stopped, primary lesions healed, and the patients survived. Thus peaking of V-IF was the only factor common to this group of 15 V-IF curve shown to development of peak titer; in some cases beginning of decline during crusting phase is shown (descending arrow). patients in this 48 hr period. The inverse relationship of V-IF to lesion formation is illustrated in six of these patients in Fig. 3 . The shape of the curve of V-IF appearance in some typical individual patients can also be seen.
In three patients we were able to sample two individual vesicles in the same patient on the same days of illness. The V-IF titer was the same in both vesicles at each time sampled. To rule out the possible presence of interferon antagonists or inhibitors of interferon action, i.e., stimulon (24) , which could also explain low V-IF values, the following experiment was performed. Equal amounts of diluted vesicle fluid from a patient, taken from different days when low and later high interferon levels had been found, were mixed. The V-IF level in this pooled sample accurately reflected the dilution by the sample which had a low V-IF level, with no further drop in titer as would be expected if substances antagonizing interferon action were present in the low interferon sample.
Interferon was rarely demonstrable in the sera of any patients. In a few patients with localized disease sampled in the first few days and in a few patients with disseminated disease at the time that V-IF peaked, low levels of serum interferon (10-30 U/4 ml) were present for 1 day.
Are the delays in V-IF and CFA present in the same patients? Attempts to correlate delay in CFA production with timing of V-IF response (by day on which the abrupt V-IF rise occurred, or absolute level at 5, 7, and 9 days) in individual patients were made. These revealed an association between the timing of these two parameters, but no statistically significant correlations could be made.
DISCUSSION
Earlier studies of a small group of lymphopenic patients with neoplasia (14) suggested localized and disseminated herpes zoster infection could be distinguished by V-IF level, as patients with disseminated disease had levels < 100 U/4 ml. This does not appear to be the case as we find that patients with localized or disseminated zoster, if studied serially, begin with low V-IF levels which then rise, to the same extent in both groups, to high levels. A few patients with intermediate levels (about 1000 U/4 ml but < 2000 U/4 ml) also had dissemination but this ceased as V-IF levels continued to rise. To date, we have not observed any patients with localized zoster with a V-IF titer over 2000 U/4 ml whose disease subsequently disseminated. Dissemination also occurred in the absence of lymphopenia or neoplasia.
A distinguishing feature of the V-IF response, separating patients with localized and disseminated disease, is the later rise of V-IF in the latter group Although there was some overlap in timing of the V-IF response between these two groups there were significant differences. This could be seen by comparing the elapsed time before intermediate V-IF levels (1000 and 2000 U/4 ml) were reached, and, in patients in whom an abrupt rise could be demonstrated, for the time when the abrupt rise occurred. 3 Of great interest also was the relationship of cessation of dissemination to the peaking of the V-IF response. Of the factors studied in these patients, this parameter alone had a consistent relationship with cessation of new lesion formation. We also noted that, although the vesicles had contained clear fluid until that time, within 24-48 hr after dissemination ceased, clouding of the vesicle fluid peripherally and in the primary dermatome occurred (pustulation). Drying and crusting began shortly thereafter, and the local disease resolved.
Several lines of evidence suggest the V-IF levels are not merely a reflection of the amount of local virus replication. Particularly in patients with associated diseases, big enlarging vesicles, and a protracted course, the absent or low interferon levels for several days (at a time when virus-induced pathology was obvious and tissue destruction increasing) are against this possibility. In some of these patients high V-IF levels did not appear until the 2nd wk of infection. In addition, several workers (25, 26) have documented that virus is present in the first few days after vesicle formation in herpes zoster.
We can only speculate that high V-IF titers are causally related to cessation of dissemination, but we have not observed any patients whose zoster ceased disseminating without a rise in V-IF, and the timing of these two events is appropriate for such a hypothesis. A local interferon response, perhaps mediated by sensitized lymphocytes migrating into the skin, may be critical in halting virus replication and thus preventing viremia. That sensitized lymphocytes release interferon in response to nonviral antigens has been shown (27) in vitro, and it has been demonstrated that lymphocytes may be the critical effector cell in interferon production in some ' The differences in V-IF response between patients with localized and disseminated disease may be even greater than suggested here. To obtain serial samples from patients with localized disease we select for patients with larger primary involvement and longer duration of lesions, patients with localized disease likely to be deficient in the parameters under study. Thus, those patients, usually with no underlying disease, who had tiny vesicles which rapidly resolved would shift the development of high V-IF levels to an even earlier mean time for the localized disease group. Indeed, we did find high levels in the few patients with small, rapidly resolving disease in whom we were able to obtain single or multiple determinations in the first 3 days after onset. animal models of virus infection (28 We hypothesize that if an individual can mobilize a prompt systemic anamnestic humoral response, perhaps demonstrable by neutralizing antibody levels, as well as a local response in the primary dermatome mediated by sensitized lymphocytes and their effector molecules, he will contain the infection despite any associated disease or immunosuppressive therapy. This interpretation of our findings indicates further immunological studies which will be needed, and has implications for therapeutic intervention in this disease. Possible therapeutic approaches relevant to the compromised host include passive antibody or exogenous interferon, stimulation of endogenous interferon by a non-toxic inducer, or passive transfer of cell-mediated immunity through lymphocyte transfusion or the use of transfer factor.
Addendum. Since our report was prepared for publication, another paper has come to our attention in which a delay in the appearance of the CFA response was noted in patients with disseminated zoster (29) . These authors commented that as this delay was seen in only two of the five patients they studied, it may be but a single manifestation of a more profound immunologic defect in patients who have disseminated disease.
